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The Skylark Alauda arvensis is one of the most abundant birds in Europe, with an estimated 40-80 million breeding pairs (BirdLife International 2013) . Since 1975, the European nesting populations from United Kingdom to Germany and from northern France to southern Scandinavia have decreased by 50% but populations seem stable in eastern Europe (BirdLife International 2004 , EBCC 2009 , PECBMS 2009 ). The most likely cause is agricultural intensification over the last 40 years, including reduced crop diversity, predominance of autumn-sown crops, intensification of grassland management and increased use of pesticides and fertilisers (Petersen 2007) . Legal hunting of Skylark occurs in five EU countries during autumn migration. Proper bag statistics are lacking, but an estimated 5% of the migrating or wintering population is harvested per year (Petersen 2007) . Hence their migration behaviour is of conservation concern. Autumn migration of Skylark occurs on a broad westerly to southwesterly front across Europe (Cramp 1988) and is typically nocturnal (James 1997) . Long-term population trends are not extensively studied at migratory stopover sites. A notable exception is the 'Alouette' ringing project in France organised since 1990 by the Centre de Recherche sur la Biologie des Populations d'Oiseaux (CRBPO) to study night-time migration and which is still in progress, with more than 58,000 birds ringed (Teulière 2003) . Analysis of the data collected has allowed the quantification of migratory flow during the post-breeding migration (Chiron 2002) , providing basic information on autumn migration phenology and showing a differential migration between sexes (Hargues et al 2007) .
In Italy only low numbers of Skylarks were ringed up to 1998. The research programme 'Alauda 2000' was started by the Gruppo Inanellamento Limicoli (GIL, Napoli) in 1998 and ran until 2007 (Scebba 2009 ). This project, studying the long-term monitoring of the autumn migration along the southern Tyrrhenian coastline just north of Naples, would appear to be the first carried out on migrating Skylarks in Italy. From 2010 to 2014, the project was continued in cooperation with the Ufficio Avifauna Migratoria of the Federazione Italiana della Caccia to monitor the population trends and to evaluate the sex ratios, as requested in the 'Management Plan for Skylark 2007 Skylark -2009 ' of the European Commission (Petersen 2007) .
The aims of this paper are to describe the timing and phenology of migration, the sex-specific migration patterns and the population trends of autumn migrating Skylarks along the southern Tyrrhenian coast.
METHODS

Study area and trapping
Fieldwork was carried out on the Volturno Plain along the southern Tyrrhenian coastline (Fig 1) . From 1998 to 2014, during the main Skylark autumn migration period, three catching sites were used, approximately 10 km apart, but a small proportion (c1,000 individuals) of birds were mist netted at five closely associated sites, within 10 km of the three main locations.
The catching effort is presented in Table 1 , including for each location the study years, the start and end date of the ringing campaign and the number of birds ringed. The site change was due to logistical difficulties, but during 2007-14 we used only one location, Foce Agnena. This site yielded the highest number of captures and standardised mist netting was carried out here in 2006, 2007 and 2010-14 involving the same catching locations, timing of mist netting and sound equipment. Vegetation in the trapping sites consisted of sand dunes covered by typical dense Mediterranean maquis and a narrow strip of sandy beach. The most characteristic plant species were Myrtus communis, Juniperus communis, Pistacia lentiscus, Smilax aspera and Rosmarinus officinalis.
In each location a transect of 110 m of nylon mist nets (3 m high, mesh size 22 mm, five shelves) in constant number and size, with a fixed orientation, were operated every day during autumn migration, except during particularly harsh weather conditions when the nets were furled (about three or four days per season). The nets were set in three parallel lines, spaced about 4 m apart, on sandy ground near the sea, at the transition between maquis and garigue scrub. Mist netting was carried out in the afternoon, at least three hours before sunset until one hour after dark, and in the morning, at least one hour before sunrise and one hour after. A tape lure (two 50 W speakers) with Skylark song and calls was used every year to attract birds to the vicinity of mist nets and during the last seven years the same sound equipment was always used; the estimated range of audibility was about 300-400 m, depending on wind conditions. Nets were checked hourly; birds captured were put in cotton bags individually, processed a short distance away from the net sites, and released immediately after ringing and measurements were completed, usually within 15 minutes.
Biometrics
In all, from 1998 to 2014, 21,610 fully grown birds were trapped and ringed, with individual alloy rings fitted to the tarsus and various morphological measurements taken. During the whole study period, only four individuals were recaptured, one after 11 days and three others 6-12 hours after ringing.
For this paper the only measurement used was wing length (maximum chord method, Svensson 1992), measured using a stopped ruler to the nearest 0.5 mm. One of the authors (SS) measured 63% of all wings, but several people collected measurements during the Skylarks on autumn migration 13 research period. The consistency among measurers was continually monitored, checking the accuracy of the measurements of all workers by randomly remeasuring a sample of birds. This procedure was repeated several times during catching sessions. In case of doubt, the measurement in question was not included in the evaluation (c1% of birds captured). The data from all years were combined for analysis and fitted into standard five-day and 10-day periods (Berthold 1973) .
Data analysis
Migration dynamics were described using the quartile method (Fazekas et al 1997) . The period of activity was divided into quartiles, based on the total number of individuals caught. We defined the peak of activity as the date when 50% of the Skylarks had been caught; the beginning and end of the main activity period were defined as the dates when 25% and 75% of the total number of individuals had been captured. Skylarks cannot reliably be separated into sex categories in autumn by bare-part characters or plumage, but males are larger than females and have longer wings (Svensson 1992) . In order to separate males from females, we used measurements proposed by Scebba (2001 Scebba ( , 2009 ) based on a discriminant analysis of wing length. Frequency distributions of wing length were analysed using Harding-Cassie plots on arithmetic probability paper (Harding 1949 , Cassie 1954 , Griffiths 1968 , Nicoll et al 1988 , a graphical method for separating superimposed normal distributions. This analysis was based on the assumption that wing lengths of Skylark populations migrating along the southern Tyrrhenian coastline would be normally distributed. Biometric data are presented as means ± standard deviation (SD).
RESULTS
Wing length
The frequency distribution of wing lengths for Skylarks ringed during the study, shown in Fig 2, shows a clear bimodality due to the presence of two components. The results of Harding-Cassie plots to estimate the means and standard deviations for the two components are presented in Table 2 (data from Scebba 2009), and show a difference of 10 mm between mean wing lengths of males (116 mm) and the shorter-winged females. A repeat analysis using the package 'mixtools' in R (Benaglia et al 2009) on the whole data set of wing lengths up to and including 2014 gave similar results, with mean wing lengths of 105.8 ± 2.285 mm for females and 115.8 ± 2.583 mm for males. Therefore, birds with wing lengths of ≤109 mm were classified as females and those with wing lengths of ≥112 mm as males; birds with wing lengths between 109.5-111.5 mm remained unsexed.
Mean wing lengths of birds captured, calculated only for the seven standardised autumns 2006, 2007 and 2010-14 at Foce Agnena, gradually increased during the migration period (Table 3) : the five-day periods with the highest values fell between late October and early November. However, if males and females are considered separately, there were no significant within-sex differences in mean wing length between any of the five-day periods.
Sex ratio
Sex was determined on wing length for 20,622 individuals: 57.1% (12,350) and 38.3% (8,272) were classified as females and males, respectively. A total of 988 birds (4.6% of those captured) had intermediate values of wing length and were not allocated to either sex. Consistently more females than males were captured in almost all years, with a maximum in 2012 of 73.4% and a minimum during the 1999 migration of 50.2% (Table 4 ). The percentages recorded in 2000 and 2001 differed because in these two seasons capture was carried out by a non-standardised method at inland sites of the Volturno Plain, which were frequented less by migratory birds; these years produced small and atypical catches. Excluding only these two years, the annual sex composition of the sexed birds revealed a significant deviation in sex ratio from one male to one female (χ 2 test; P < 0.01, data not shown) with the exceptions of 1999 and 2002 (P > 0.01).
The proportion of females among the birds sexed decreased from around 83% in early October (five-day periods 55-56, 30 September-7 October) to around 47% in early November (five-day periods 62-63, 2-11 November; Table 5 ). During all study years, the proportion of females was higher than males until late October (five-day period 59); during late October-early November, movements comprised a higher proportion of males. If the percentages are calculated for 10-day periods, they decline from 81% calculated for the first 10-day period of October to 71.3% during the second, to 54.6% during the third and arrive at 46.8% during the first 10-day period of November. These data show the existence of differential migration between sexes, with females tending to precede males.
Temporal variation
During southward migration from the breeding grounds, we trapped and ringed 21,610 Skylarks, with the first and last captures on 30 September and 11 November, respectively. To describe the patterns of autumn migration we analysed only the data collected during 2006, 2007 and 2010-14 , derived from continuous and standardised mist netting at the Foce Agnena site. The numbers of birds ringed were expressed relative to operating net hours as birds ringed per hour of catching (Fig 3) .
During the ringing campaign there were marked fluctuations in the numbers of birds caught in each 10-day period in different years, with the highest total recorded (1,240 birds) during the second 10-day period (Fig 4) . In addition to these two major waves of migrants, we noted the presence of other peaks due to passages of less intensity, localised at the beginning of October for females and middle October and early November for males. The main migration period, identified as the interquartile range, was detected as starting on 12 and 17 October and ending on 26 and 29 October, for females and males respectively (indicated between the arrows in Fig 4) .
Population trends
As the monitoring of southward migration during 2006, 2007 and 2010-14 was based on continuous and standardised mist netting, it is possible to estimate the trend of migratory flow in these years (Fig 5) .
The numbers of bird caught during autumn 2006, 2007, 2010 and 2011 remained approximately constant, while in 2012 there was a noticeable increase; otherwise, during the last two years of this study there was a considerable decrease in the numbers of birds ringed.
It is possible to estimate the trapping patterns during autumn migrations of 2006 and 2007 (Scebba 2009) , and 2010-14 by calculating the catching-effort index (CI) for these seven seasons based on continuous and standardised mist netting. Accordingly, all activities Table 5 . Numbers of Skylarks trapped along the southern Tyrrhenian coastline and percentage of females per five-day periods, all years combined (2006, 2007 and 2010-14) , during the autumn migration. carried out between the first capture session conducted on 1 October till the last that took place on 10 November were considered in order to cover the main period of migration (Table 6) ; results are expressed as a catchingeffort index, eg number of captures during each season divided by net-hours. The analysis of data collected in these seven years confirms the results of Fig 5; the catching-effort index may be considered constant for the years 2006, 2007, 2010 and 2011 , with an increase in autumn 2012 and declines in 2013 and especially in 2014.
DISCUSSION
In order to assess properly the population dynamics of a species and plan its management, it is necessary to have large-scale data collected through long-term monitoring projects conducted in a standardised way. The research carried out during 2010-14, combined with the results of the project 'Alauda 2000 ' (1998-2007) , with the ringing of 21,610 Skylarks, fulfils this criterion. The data collected enable comparisons with a long-term ringing project on the autumn migration of Skylarks organised in France since 1990 by CRBPO, which is still in progress using the same catching methods.
The movements of Skylarks in Europe have been investigated by analysing recoveries of ringed birds (Hémery et al 1992 , Spaepen 1995 . Only 32 foreign recoveries have occurred in Italy, mainly concentrated in the northern and central regions (Spina & Volponi 2008) ; five recoveries in central Italy came from Ryazan Oblast (40°50'E) in Russia, from Ukraine and from Hungary while in southern Italy, despite the heavy hunting pressure on this species, only one bird was recorded, having been ringed as a chick in Ukraine near the Black Sea and recovered during its first autumn (Scebba 2009 ). Between 1960 and 1993 Skylarks were ringed in Belgium, which is the main ringing country in Europe for this species, the great majority during the autumn migration. These birds originated from the Scandinavia-North Sea region, the Fenno-Baltic area, Russia, Poland and Germany; among these, only three birds were recovered in northern Italy during subsequent autumn migrations (Spaepen 1995) . It may therefore be assumed that the significant migratory movements affecting southern Italy may come from eastern Europe, in areas where many fewer of this species are ringed.
It is important to monitor the sex ratio during the autumn migration, information that falls within the objectives proposed by the "Management Plan for Skylark 2007-09" (Petersen 2007) . The large amount of data collected in this study allowed us to estimate the male:female ratio.
The ranges of wing length used for sex determination in this work were obtained by a discriminant analysis using Harding-Cassie plots (Scebba 2009 ) and are similar to those reported by Bard & Lamerenx (1999) obtained through the autopsy of 2,336 Skylarks captured along the southern French Atlantic coast. Hegemann et al (2012) , sexing a sample of 78 birds trapped in northern Netherlands during the autumn migration using molecular analysis, reported a narrow range for the distinction of females, but recommended applying their results only to birds from northern, western and central Europe. The biometric measurements and ranges used in our work apply to populations which probably originate from eastern Europe.
The values of wing length used here to separate the sexes have been confirmed for this population by DNA analysis (Scebba 2009 small blood samples were collected from 126 randomly selected Skylarks as part of a research project on the occurrence of haemosporidian parasites (Zehtindjiev et al 2012) . The DNA extracted from red blood cells was also used for molecular sexing and only four of the 126 birds examined were misclassified; three females were misclassified as males (wing length 112, 112.5 and 113.5 mm) and one male as female (107 mm). From field observations, the first flocks of migrating Skylarks arrive on the south Tyrrhenian coast at the end of September. Large-scale autumn migration begins in early October and in this month the presence of two major waves of migrants may be noted.
With respect to long-term trends, two marked migration peaks were ascertained during the second 10-day period of October and mainly during the third. A similar trend was ascertained for the Lazio coast, albeit using a different methodology based on diurnal observation points (De Vita & Biondi 2013) . Indeed, Skylark migration is not just nocturnal and there is also intense diurnal migration. During this research, flocks of birds were frequently observed coming in from the sea in the early hours of the morning and heading inland, perhaps after a night flight. Unfortunately, systematic counts of migrating birds carried out in northern Europe (Netherlands, Germany and Sweden) relate to different populations from those which migrate to southern Italy and, as a consequence, it is impossible to compare the patterns described in this work, based on nocturnal ringing data, with patterns from diurnal passage.
The proportion of females in the sample catches was especially high during the early part of the migration period but declined thereafter. This pattern recorded in our study does not differ from that found by Licheri & Spina (2002) who analysed the third-primary length of Skylarks ringed in Italy during 1982-99 and also recorded a progressive increase in size from the third 10-day period of September until the end of November.
In almost all years, more females than males were caught, with the maximum (73.4%) in 2012 and the minimum (50.2%) in 1999. In 31 departments of France, 47 research teams ringed a total of 6,745 Skylarks on autumn migration in 2006, of which 49.91% were females and 41.64% males; the percentage of females was higher than males in the entire country. More males were ringed in the north and southeast of the country, while more females in the central and southwestern parts (Van Acker pers comm). These data do not differ from those obtained in Aquitaine on the Atlantic coast in the periods 1972-81 (Vignes 2001 -2004 (Hargues et al 2007 (Henry et al 2014 , where the number of males is always lower, although with an increase during the final stages of migration.
The sex ratio measured in southern Italy was close to that recorded along the southern French Atlantic coast but differed strongly from those estimated for northern populations, where a predominance of males (> 54%) has been noted (Pirard 2003) . Skylarks wintering in northwestern Europe are mainly males (Niethammer 1970 , Senk et al 1972 , Vauk 1972 , Zink 1987 . In the Netherlands, the proportion of males trapped during the autumn migration increased from around 30% in early October to around 80% in late November (Schekkerman 1999 ) and during cold weather in winter more than 70% of all Skylarks caught were males (Levering & Keijl 2008) .
Collectively, these patterns indicate that the sex-ratio discrepancy is not likely to be due to a differential response to Skylark song playback, but is a real phenomenon. Female Skylarks migrate further south as do many other European partial migrants (reviewed by eg Gauthreaux 1982 , Newton 2008 . Only in Scotland is the sex ratio equal among wintering Skylarks (Dougall 1997) . If there were a sex bias towards catching males using sound lures, then the proportion of females on passage through our study area could be even greater. Our results support the theory that females Skylarks are more migratory than males, as well as the existence of a differential migration between sexes, with males migrating later than females (Licheri & Spina 2002) .
There are several possible explanations for the femalebiased sex ratio of Skylarks caught on the Volturno Plain during autumn migration. Females could migrate earlier than males and males may have passed through the area after netting stopped. However, this explanation is not likely because catching on the Volturno Plain was carried out during most of the migration period. Observed movements had practically finished after the first 10-day period of November and only exceptionally continued during mid November. A second possible explanation is that females migrating in this area, as ascertained for those of central and southern Europe, show a higher migratory tendency, while males, being larger, have a reduced need for migration and may try to remain in or near the breeding area throughout the winter.
Such a sex bias in migration strategies could have important implications for conservation measures as it has been suggested that hunting affects mainly females (Donald 2004 ). This would increase the impact of hunting on the breeding population. However, given the small number of birds wintering north and east of the countries where hunting occurs, the fraction of males avoiding the hunting pressure in this way is probably small (Petersen 2007) .
Our results indicate that the southern Tyrrhenian coast appears to be an important passage area for Skylarks, at least during autumn migration, and this research represents the only long-term study concerning the southward migration of Skylark in southern Europe that has been managed in a standardised way. A ringing programme covering the autumn migration coordinated across a number of ringers, including the ringing centres of eastern Europe (which is the presumed area of origin of these birds), and the location of ringing stations on Mediterranean islands, could be used to obtain more detailed information about the strategies of migrants on passage.
